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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high-strength 
hot rolled steel sheet excellent in press formability 
and blanking workability and its production method. 

SOLUTION: This high-strength hot rolled steel sheet 
comprises 0.01-0.15% C, 0.01-2.0% Si, 0.5-3.0% Mn, 
0.03% 3 P, 0.009% 3 S, 0.01 0% 3 N, 0.002-0.70% Al, 



0.03-0.40% Ti, and the balance being Fe and unavoidable 
impurities. In the steel sheet, the content of unfixed 
carbon (C-Ti/4+N/1.17) is less than 0.0150%, and the 
content of remaining unprecipitated carbon represented 
by (ATS-TS)/7,400 (wherein TS is the strength (N/mm 2 ) 
before rolling; and ATS is the strength (N/mm 2 ) after 
aging treatment at 600°C for 1 hr] is at least 0.0050%. 
In the production method for the steel sheet, hot 
rolling is conducted under strict control of rolling 
conditions. 
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C:0.01-0.15%, SilO.01 -2.0 %, M 
n:0.5-3.0 %, P sSO.03%. S =S0.009 %, N ^0.010 
%, Al:0. 002 -0. 70%> Ti:0.03 -0.40% U 

oT, *H5g**(C-Ti/W1-17) ^0.0150%*?tt L 
x., T^T-**f>^4*tfai^^0.0050%tl±5* 

■C«HB£E3SEi"4jl55ft*«lK»l*«>»j!l*ifeo ftfi, 5£+ 
TStiJBS* i05&J£(N/mm 2 ) T*ab ») , ATS(±600'CK1 

5Mf mft#= (ATS-TS)/7400 
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K1%T\ c:o.oi-o. 15%, si:o.oi - 

2.0 %, Mn:0. 5-3.0%, P ^0.03%, S =S0.009 %, N 
sSO.010 %, Ai:0.002-0.70%, Ti:0.03 -0.40% £ 

IfifioT, TIE(1) £-Ctt*$*l**H5feK**0. 
0l50%*S8fc L/;U, (2) S;-e**c>*L45|c*ftBjK* 

TSiiii5?S*^^«<0)Ii£i i<0?iS(N/mm 2 ) T* 
»5 , ATS(±^5?4g»iiS^«lC600t:t- 1 hrttlJfc-t4«F3» 
&3g*ttL£B#<03ilft(N/nm> 2 ) T*>& 0 
#H5g&* = C-Ti/WI.17 • • • (1) 

yHffim»zm= (ATS-TS) /7400 • • • (2) 

2 ] *s&&&mmmm>io. 01 -0. 

*HJe**= C-Ti/W1.17-*lb/7.75 • • • (3) 
[»*JS3] Ca:0.0005 -0.0100%$. ^10:0.0005- 

o.oioo%<7)M*t^-^r, Xi±m^*#*-f l X 

[»*]S4] Mo: 0.01-0.5 %, V:0.01-0.2 %, Z 
r: 0.01-0.2 %s Cr:0.01-2.0 %, Cu:0.2-2.0 %, 

n i :o. 1 - 1 . 5 %<on co—mx a 2 a jy.± * $m-t z m 

*S l - 3 <ow*t^tria«o :/ W * ftjgtt t JTft § *DX 
7-f h • Hat*oT, ^a^80N/mm 2 JSH 

[W*«6] K^fll - 5<7){srtL75>(-I£»c0 7'U^^ 

t nm # jnxttJc«*Lfc*3ft«»ffiai«4r * 

-950 V.t LT^fHUE® L, 3 1 §«£20 < C/sec£l.±«>$ 
ifliiJf T650 -800 1C 2 T-#*P x., 2 - 15#^ 

L, S^U, 20tVsecW±<7><$-i|]itl£T350 -600 'CC 

#toXteK«*ifc*»*»K«*0*ji2Ffl;„ 

[»Bo«MBfcKij§] 

[0 0 0 1 ] 

IS*L*i»*J£JI«)*JM)!4:*r*4: 1.0 -6.0mm 
[0 0 0 2] 
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( : t± 7 u * sEftm ic gtt r v > s c t $ *v h $\ z 
7i7-f h • v*f MUSfc, -?M Fiftfe 

7i7-f hiftfti, ^^±717^ h 
Y'^.m.t-rh^m^. H + OS *fi*U Ca, REM (-J; 

[0 0 0 3] MU#W&3 2 3 3 7 4 3-»&*UU\ C 

-^tiis-r-^- 1 lot, ^Boisd^uijft 
JIT- i -5> i> <r> fii ^ it 0 

[0 0 0 4] 

W MS * 4: m&-f Z> tz tb K £ $ tirt: t <0 T* o T , iS^ 

& o 

[0 0 0 5] 

titzm&mmmmm*. ks%t% c:o.oi-o.is%. s 

JO i:0.01 -2.0 %. Mn:0.5-3.0 %. P ^0.03%. S ^ 
0.009 %, N ^0.010 %. Al:0. 002-0. 70%. Ti:0.03 

-o.4o%^#*L. »»ftaoqpBr»fl9^*tw^?>ft* 

5E^3R*0.0150%**fc (2) ^T***6<b*L& 

**f tH £ 0. 0050 % $ -tf fc i t £ + ^> 

<0?ift(N/mm 2 ) -e*> *9 > ATS<iKS£*&M8imK600T; 

^> ^ o 

40 *HJgjK*= C-Ti/4+N/1.17 • • • (1) 

*WtH^=(ATS-TS)/7400 • • • (2) 

[0006] ±&Ltzjts&mmi&mmzti^x, 

*H5tl»£*= C-Ti/W1.17-Nb/7.75 • • • (3) 

IfeffiSIS**, Ca:0.0005 - 0.0100%S.D f REM:0. 0005- 0.0 
100%OM^-*, XltTBUjittlrZiiOftZZ. 
t* J T#, i7t. Mo: 0.01-0.5 %. V:0.01-0.2 %, 
50 Zr: 0.01-0.2 %, Cr: 0.01-2.0 %, Cu:0. 2-2.0 
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%, Ni:0. 1-1.5 %<r>n *>o-«X(± 2 ttWX 
»K S£«£780N/mm 2 Jtt±fc 1*4 0**34 Lv>„ 

[0007] *«woyi^xa;»tttfrift*inx 
kru ufriBfflj&oii*, &sitt±ifs«£ 

Ar 3^38* -950 "C t LT^fflElL, S I £ § 20"C/s 
ecWXOi$-i|]3Jg-r-650 - 800 "C 4 T*i%*P Ltz n x., 2 
~15#£i£U 20 < C/secW±<O<tiPjS*T*350 
-600 X;K*fr^LT*#tt4Cfc*#«fc1-4fc<D-C* 

[0 0 0 8] 

W-*±O*H5eft**0.0150%*i»4: Lfco 

E5£U J: 19 LJtW»)Sii®»l«tUO.0O5O%JflL±<75^ 

jstffufiy* l fc * 4 tm # *nx& § 4 ; t £*n . 

JIU ±ffi&S£8?ifeL£*>0-C-*4o 

[0 0 0 9] *»IBtCiJV»T*aft*ft®j||«+OC (i 
0.01 -0.15%i:t--2.o Cf±J*ft%£#fffi LT?jg££ffi 
«i--5>t~^5l^7c3?t?*oT0.01%*«-e(±^rilO5iK 
4.1 £rt ? BltK&4 0 — 0.15%£i@x.4 t 

ittotT^i < io-ctrft^Joxit^sctu* 

[ 0 0 1 0 ] Si (iMBHiJ t LT#£$r7C*-C* »K itc 

mm%mt®<r>$L®.$:Wz-W®.zyx.7-<( h±fcx&& 

Y<r>&&ffl&t1rZ>^W&X*3b^X, $<b(csi 
oj&iratc i *)!i«^B5*!>r yi/^sm 
<r> t 1"4 z. t &x- Ho - <r> X o teVtm £#4 tz#>\z 

tn-tzt ft *5aait *»fiT -r & « *> #ft-r 4 

f^i62.0 %*±l®t-r-5>o Si<D|gB£0.9 -1.2 

[0 0 1 1] Hi{45*JSO«fi»-£.R47C*T?*»), CO 
7t«t>tC(±0.5 %VX±.<r>m&iX&t-fZ>o Lri'U 3.0 
%£jSxT#S{c?£ini-4fc 3 ^nflftff, -r^nflWr** 

Mn^ri.o -1.5 %%m-tz><r>-tm^ j &m.*m&. lt^p 

[0 0 1 2] P Ii7x5-f Ft:i»LTf«)IitttftT 
-f-<Z>-£-*fiJ±0.03%£I.Tt-f So f 3t, S 
(±MnS £ffMLTfifc«<Oig*i LTftffl L^L < 7"U^ 
mft£iDl14£1£TS^4OT-0.(X)9mTt-t 
5. 4^, N HtTifcSftWSrJBStLTC 4 Ti 
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&mmm i ®mt%zff>x\ 0.010% 

[0 0 13] A I (±iS£B£SJ t LtW^t), 4£Si 

UI40.002 %V±±.ff>ma*&&t-$rh 0 — 0.70%$r 
j@x4t§l0^147>MB:T-f 4Cttc&4 0 lot, Al 
OUffl (±0.002 - 0.70%ti-^ o 
[0 0 14] Tif;m.f a &£M*fflft1-£tt U-iS«B&Ti 

<7> 1 WO fc* U (±0. 03-0. 40%}^Jp-T ZZt ib s -&mx-$> 
4<> Ti #*0. 03 % *» -C li SftjR «: lt«-r 4 ^ i: tJ«B« -C* 
»K Ti75*0.40%4-igx4 tTi*^:ftt;* s #*:lfe±Li-i' 

[0015] m(tT\tmm~%i£kmz$ikM1t-f2>tti> 
»=, NbC fctOt^fcjfcft!»*«m$tfT3*JS*»«i- 
4t;3n&&7C5£t*&4 0 .10£i6i-t±Nb£ 0.01 -0.10 

Lv^ 0 Nbj&«o.oi%*»-ctt3*jS*+ 
20 53-&464.T i^T-i-f, Nbrt ? 0.10%£i@x4 £#{±Stfrt* 
Li" §"-CMtt* s ffi:T LtTlfc* lmXtt***ft-r 4 

[0 0 16] *&WHz&\,*Xlt. TfB(1) ^T-fflf^n 
3e^Oft ^0. 01 50%*?S t -f 4 0 

*H5tft*= C-Ti/4+N/1.17 •••(!) 
±5BS*0*ra{± C-12/48X(Ti-48N/14) Sr«*ftLfc 

T-*4o -OW#±O^@^^^0.0150%J^XT-^>4 

*<4oT^*»tt, 4*»^a:»ftt**ft$-*4c 
i:l-^4 0 eeoT, #B5££tSH<7>*{±0.0150%*?Bfc-t 
4£>S* s *4o 4is, iM*«Nb^-i-*-r4*i-g-{CI±C i±Ti 
OAftibrNbfcfejRftWSrJKft-rSitinSriOT, * 
H5e**«4TIE(3) ^T*f|-#1-4^0t-r4o 
*H3e^=C-Ti/W1.17-Nb/7.75 • • • (3) 
[0 0 17] ifc, Ca> REM(#±*x^) J±*ffc»^^- 

*4 0 iOJgSRWmS******?, LK>*fc*tc«±Ca, 
REMOMtl.*>-*, X{±^5r0.0005%lJL±Ov^Sp-r4 

o*«SiLv>. #*oSftu*itft**^«E««>a 

±ft^*S§. rf^S^aSft$-*-C?T»§SDX14$:teT$ 
•ti:40T% ±K^0.0100% 1 1-40*^4 Lv^ 0 

[0 0 18] ^Ct'v^tli, ^7C^i: Lt> Mo: 
0.01-0.5 %, V:0.01-0.2 %, Zr: 0.01-0.2 %> C 
r: 0.01-2.0 %, Cu:0.2-2.0 %, Ni:0. 1 — 1.5 %0 

50 c;^ Moi±»o«iA^l4^i§;*Taft@83«^s;?fijSft 
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IZ(± 0.01 %&±OifebD£:&gii-&o Ltf>U 0.5 % 

o.oi~o.5 %t-tz,<r>i)mi Lv>„ 

[0 0 19] Cr&&A;M4faJi7C3ifT-&oT, CO?** 
SrHa-t tiO. 01 %£Lt«>SHin 1 1" 4 „ L 
*»U 2.0 0 /o®x.T^*DLTt^*(±ga^a-tSO<^^ib 
•f 3* hES£iS<0-C\ CriJiO.01-2.0 %fc-f40;G s 

Mi Lv» 0 

[0 0 2 0] i£> Ni <>^AtLl4[6]Ji7n^T**oT, C 

4, Lrt>U 1.5 %SiStPLT*>^*(±«&Wi-*0^^ 
h-f h ^JS < Ot\ Ni<0|gHt±0.1 -1.5 
4 0*«M£ Lv>„ 
[0 0 2 1 ] CufcNifc|B|«Hcai<0*A*Ltt*jS5*-C«iffi 

•fZtztbizii.0.2 %ll±<omu*-&W t-f 2> 0 Lfr L, 

T, CuOfSB(±0.2 -2.0 %ttl,^ s 3iLv^ 
[0 0 2 2] V !±Nb4:PH:<«ilBi^l:»«:«faiLrjft 

1-4 tztb i- i±o. 01 % vx±.<r>mia*-S&g: t-f&o l*» u 

0.2%Sr®x.r}$*DLT i f)3%*l±l&fD-r.i.<OT-, V colt 
H(±0.01-0.2 %tt4M s aiU> 0 
[0 0 2 3] ZrliTifcmt<«iM*l£fctt**fffl 
LT&ffi§l«05£J*£A*4K;£®-e*o-£\ CO?** 
1"4 J±0. 01 %m_tO?3siD £#3? t f 4 = L 
0.2 %^ex.Tv,t*PLT i (>?**i±l&fl]i--2>OT% 
ZrO|SH^0.01-0.2 %in^JL^o 
[0 0 2 4] fllitfcT'UX^Ittn-ftiJnlttiiSrJIE 

LTv^fc v»H^®«7>**f til R5R**0. 0050% VklM^-f 

4o *#fai^**o.oo5o%*sit?{i!e;3ftjaiwi®a«+{c 

tfcO»:|KU*Mi §tt4 <t L» < * 4 C 

Sot; jftSiK^SSMg^fi-fitiinitticffitt^tot 
-t^uii, **fm^i±o.oo5o%m±a«i-^£-w^* 

4 0 *Wffi£t3ROfijW>.0150%£ig;i4 t 7i5 

* h <r>mcim j r j ft tb-ox-rux mm^it-r 4 =. 
1 1: 4 o t\ *#f m #ts? os i±o. oi 50% y.T t -f 4 <r> 

[0 0 2 5] ±BLfc**fffi&*«iTIB(2) 5S£fl|v>T 
*Wffi^=(ATS-TS)/7400 • • • (2) 

2 ) T*lK ATS(ift»ftJftfiEM«£fl^4^*lftL*: 
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f£OSilK(N/nm 2 ) t*4„ IP*>. KaKilSifinE 
£oSi£KTS£*i64-:>j, ESiiOS5^«lft5Sii 
0flx.lf6OO'CT*1hr SPfft1-4B$2&ffiJlS:fr 1. C 

fc*Wffi^#a s *fmLT5£K£i5#£o Set, iSSSS 
JfegfU^O^AaftoaSATS £*<6T, ATS ^e>TS 

— 5£o#»-e«4 etc j: or**fmift*o*s;**4 

#T-&iU±*.£ < , CTx.)f550-600 < C(-30roin-1. Shrink 

[0 0 2 6] 4fc, «96ft»Sfll«(=«>t4M«llt(i7 
x5-f M*80%JiLtO7i7'f h • ^-f ■J-'f ha^t-r 

SO^i L^„ «aft*7i5'f h75 ? 80%J^±O7i 

20 ^Jj-J hcoi*20%J-J.Ti:-r40(± > hofi: 
»)#< **tffittOfiT*«*§ < £4^e>-C* 

[0027] &±oi-5 4rtaftj!Mi*«*»mEffiu 

ItkL^UB, 7x5-f h«3li!44*4Jlpx.4:t 

^x'^-ryu^mm^it-t^o ttz. tic »Mi*Nb 
c 4fo&fb»<o#fmj& f #K 4 or*wta^* 4o.oo5o 

4?t)SS:0 i "ffi14o®T4tS< CtC44 0 Iot> ft± 
tf E ffi^TS* l±Ar s - 95013 fc + 4 * 

[0 0 2 8] tfc, EE®»Tit»uai«*Aa*»1-4 

. T, -?-Oi^iPiSSli20t:/secJiL±4'j2-St1-4o i^*P)S 
ft**20t:/sec*J||-Cttlftft*O#f ffi JJHE* $ tvT*Wtti 

^^4o. 0050% 4 z t tm l 

%> o 

40 [0 0 2 9] »l«0.*a**p«r-fl.flfjh LTffi* 

800t:?:®x.4»^CI±7i7^ hO^a^jKffi* 

*w 4o. 0050% jui±it«i- 4 c t l < 4 4 „ 
fet, s^ras&iajKii 650-800 rzt-rz> 0 ttz, ^ 

50 li-e#4v^ 0 ^^ra* ? 15fJ;4Sx.4i:^b%o 
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WiiJ75 ^ il^T-**fm^*o.oo5o%w±^i«•t•^ - 1 & 
*l< a sura* *<o&<D#?mi&Bt. mm^m 

2 ~15&ti--5> 0 

[0030] s^ttHjsiHEti&at-^iP-r***, * 

co^mmii^lt *) Mr/sec^ Sr'£>St1-*o 20t7s 
*o -J-LT, ^O.ft»OffihiaK» BP*>#IRi£Sl±350 

-600 ttn. #^ia«75 f 35o t*at-ci±^:a:»fttt- 
600 x;zmx.z>t-7uxmmzm&%'*-?'{ k 
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* J: ») , 5£)£;$*780N/mm 2 W.±-C'£> oty^ l&M 

it t nm § joitt i- c ft ntf&mmmmffi. z ssdt ■* & c 

I0 0 3 2] 

Intro] fEn=*-rft*ft»aua**-r*ai*«E^}S 

S3 LT, 38t*j&t:J: U HU<$2, S3 

70 tC7F-t!±ii#:ftKT/±]i£, i$*PU «*2.6 -3.2mm <D 

[0 0 3 3] 

[SI] 



m 


it ^ m & c%> 


% 


c 


Si 


Mn 


P 


S 


N 


Al 


Nb 


Ti 


Ca 




A 


0.02 


0.9 


1.4 


0.006 


0.001 


0003 


0031 




0140 






-0012 


B 


0.03 


1 1.1 


1.4 


0.007 


0.001 


0003 


0.030 


0025 


0.125 


00025 




-0002 


C 


0.04 


0.9 


1.5 


0.006 


0.001 


0003 


0.034 




0.150 


0.0030 




0.005 


D 


0.035 


1.1 


2.6 


0.007 


0001 


0003 


0.041 




0.110 






0010 


E 


0.04 


1.5 


0.7 


0.007 


0.001 


0002 


0045 


0.035 


0.165 






-0004 


F 


■•MM 


1.0 


ZO 


0.006 


0.001 


0003 


0.035 




0.040 


0.003 




0.008 


Q 


■•X>« 


1.8 


1.6 


0.008 


0.001 


0002 


0005 


0.030 


0.140 






0013 


H 


0.04 


0.10 


1.4 


0.007 


0.001 


0.003 


0.450 


0030 


0.140 


0.0026 




0.004 


I 


0.04 


0.01 


1.4 


0.007 


0.001 


0003 


0.650 


0030 


0.140 


00025 




0.004 


J 


0.078 


1.3 


1.8 


0.008 


0001 


0.002 


0 033 


0042 


0.240 






0014 


K 


0.12 


1.0 


1.4 


0.008 


0001 


0002 


0.034 


0095 


0.380 






0014 


L 


0X13 


1.1 


1.8 


0.007 


0001 


0002 


0.030 


0025 


0.125 


00025 




-0003 


M 


0.03 


1.0 


2.4 


0.006 


0.001 


0002 


0.041 




0.130 


00025 




-0001 


N 


0.03 


1.3 


0.5 


0.006 


0.001 


0003 


0035 


0030 


0.120 


00025 




-0001 


O 


0.058 


1.8 


10 


0.006 


0.001 


0.002 


0.030 




0.165 






0013 


P 


0.04 


1.8 


1.7 


0.006 


0.001 


0003 


0042 


0030 


0.120 






0.009 


Q 


0038 


0.01 


08 


0.006 


0 001 


0003 


0.500 


0030 


0.140 


00025 




0.002 


R 


0.05 


001 


2.4 


0.008 


0.001 


0002 


0.350 




0.180 


00026 




0.007 


8 


0.075 


\a 


2.4 


0006 


0.001 


0003 


0.030 


0040 


0.240 






0012 


T 


0.075 


10 


1.4 


0.006 


0.0O1 


0.003 


0.030 


0040 


0.240 






0.012 


U 


0.03 


0.5 


1.4 


0007 


0.001 


0002 


0.030 


0025 


0.100 




REM0.QO2 


0.003 ! 


V 


0.03 


1.1 


1.8 


0007 


0.001 


0005 


0.030 


0030 


0.125 




Mo0JJ 


-0.001 


w 


0.03 


03 


1.4 


0007 


0.001 


0003 


0.030 


0026 


0.120 




CrO,5.V:0.1 


-0.001 


X 


0.03 


1.1 


1.4 


0007 


0.001 


0003 


0030 


0025 


0.130 




Cu0^Xi0.1 


-0.003 
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